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Fa i lu re  of  convcntionaP Si p l a n a r  devlces by s u r f r c e  
p o t e n t i a l  s h i f t  due t o  ox ide  i m p u r i t i e s  has  been s c u d i e c  . 
by coiabined >iOS and radiochsii1ical t i na iys i s .  Xadioac t ive  
KaBt contaminant was used  t o  s tudy  b o t h  r n i o n  and'cati:,i: 
d i s t r i b u t i o ~ t s  and k i n e t i c s ,  
Experimental evidence is presen ted  t h a t  Pia i n  the  
ox ide  near  t h e  Si i n t e r f a c e  a c t s  t o  accLrnulate e l e c t r o i i s  
a t  the s u r f a c e  of n-type Si. 
Less well-known is the role of t h e  an ion  i n  deter- 
mining f a i l u r e  i n  t h i s  mode. 
800 C, Br is found to  d i f f u s e  into t h e  ox ide  more slonly 
than Xa and p a r t l y  to  n e u t r a l i z e  Ka+. 
A t  t e n p e r a t u r e s  above 
0 
Conventional !Iot-bias d r i f t  experiments  a: ZOOOC 
have been extended to  inclt.de impur i ty  d i s t r i b u t i o n  as  
a func t ion  of time w i t h i n  t h e  oxide .  
Sa flow i n  the oxide  to 2nd away f r o 3  t h e  S i  i n t e r f a c e  
compared t o  S i  s u r f a c e  p c t c n t i z l  s h i f t s  sugges t  t h e  
presence cf a r a p i d l y - 9 3 u i ~ i h r ~ t i n g  n e g a t i v e  s p e c i e s  
which can n e u t r a l i z e  Kz+ b u t  n o t  d e p l e t e  an  n-type S i  
s ur f ace. 
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F a i l u r e  of s i l i c o n  ( S i )  p1clna.r c i r c u i t  e l e n e n t  o f t e n  r e s u l t s  
from uncon t ro l l ed  s h i f t  of Si s u r f a c e  p o t e n t i a l .  (lY The s h i f t  is  
i n  such a d i r e c t i o n  as t o  i n d i c a t e  t h e  presence of o s i t i v e  cha rge  
w i t h i n  t h e  oxide e s p e c i a l l y  near the S i  i n t e r f a c e .  (p 9 2 3)  Experi- 
ments i n d i c a t e  t h a t  t h s  charges Eire sodium (Na) i o n s  because (1 )  
s u f f i c i e n t  r e s i d u a l  Ka has been found i n  conven t iona l  ox ides  t o  
accoun t  for  t h e   shift^(^*^) and ( 2 )  d e l i b e r a t e  contaminat ion w i t h  
tests. '8' xa d i f f u s i o n  r a t e  ha been found t o  depend on t h e  a n i o n  
of t h e  contaminat ing compound ,('I t h e  r a t e  i n c r e a s i n g  i n  t h e  o r d e r  
KaBr ,  N a C 1 ,  KaOH. To s tudy the e f f e c t  of t h e  an ion  i n  t h e  Ka 
con tamina t ion  f a i l u r e  =de w a s  t h e  purpose of t h i s  i n v e s t i g a t i o n .  
Its i n  s h i f t  k i n e t i c s  similar t o  those  observed i n  f a i l u r e  
THEORY 
For a convent ional  NOS (nc ra l -ox ide - s i l i con )  c a p a c i t o r ,  t h e  
f l a t b a n d  v o l t a g e  (Vfb) a t  whicn t h e  f l e l d  i n  t h e  S i  is  ze ro  may be 
coinputed g i v e n  oxide thickness anci S i  iapur ' l ty  concer , t ra t ion.  
Changes i n  Vfb f o r  nea r ly -pa ra l l e l  s h i f t s  of 110s capac i t ance -vo l t age  
c u r v e  i n f l e c t i o n s  w e r e  used i n  t h e  p r e s e n t  s t u d y  to  o b t a i n  changes 
in n e g a t i v e  charge concentrat ion (-AN ) induced i n  t h e  S i  s u r f a c e . ( 6 )  
Ais is ob ta ined  from S 
S 
=here q =!e lec t ron ic  charge I 
bVfb = i n i t i a l Y f b  - f i n a l  V f b  
C, = W d  
UA 
K = oxide d i e l e c t r i c  c o n s t a n t  
A = area of the f i e l d - p l a t e  
d = oxide thickness. 
10 -2 c m  ANs/MPfb  = K/qd = 4.0 x 10 
0 
for d = 5400 A. 
A l s o  ANS e q u a l s  t h e  change i n  t h e  weighted i n t e g r a l  of cha rge  
c o n c e n t r a t i o n  (N(x)) i n  t h e  oxide,  (6) 
xN(x) dx ). (3)  1: AN = A ( l / d  6 
Set i m p u r i t y  concentrat ion measured i n  t h e  p r e s e n t  work by 
s e c t i o n i r i g  and radiochemical c o n c e n t r a t i o n  p r o f i l i n g  was used t o  
compute a s i m i l a r  weighted average (AN). 
th  
where x = x coorcEnate of the c e n t e r  of t h e  i- s e c t i o n  of wid th  i 
Axi x(xi) 5 Xa minus Br concen t r a t ion  i r r  t h s  sectior,. 
Then AZs/CN = f r a c t i o n  of net charged o x i d e  i m p u r i t i e s  co r re spocd ing  
to a given A V  fb' 
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Two types  of exper iments  \;ere done. (1) 3 e l i b e r a t e l y  c c n t a d -  
na t ed  s a m p l e s  w e r e  h e a t e d  t o  700 - 900°C t o  d i f f u s e  r a d i o a c t i v e  
PiaHr s u r f a c e  con tamina t ion  iizio t h e  ox ide ,  o r  (2) , i o n s  were d r i f t e d  
i n  t h e  o x i d e  by a n  electric f i e l d  w h i l e  t h e  sample w a s  a t  200°C. 
I n  b o t h  c a s e s  ANs was obtaineci from t h e  s h i f t  o f  t h e  NOS charac- 
t e r i s t i c , a n d  t h e  p r o f i l e  of t h e  contaminai ing atoms w a s  measured 
d i r e c t l y  in t h e  saae samples by e t ch - sec t ion ing  and gamma-ray 
spec t romet ry .  ( 4 )  E l e c t r i c a l  and radiochemical  d a t a  were then  
compared. 
OxLde w a s  grorwn on one inch  diameter  e l ec t romechan ica l ly  
p o l i s h e d  S i  wafe r s ,  10 m i l s  t h i c k  wi th  an  n-type r e s i s t i v i t y  of 10 
ohm-cm and (111) c r y s t a l l o g r a p h i c  o r i e n t a t i o n .  The S i  samples were 
c l e a n e d  i n  e l e c t r o n i c  g r a d e  t r i c h l o r o e t h y l e n e ,  ace tone ,  methanol,  
and water, fol lowed by a soak  in 8OoC n i t r i c  ac id (7 )  and r i n s e  i n  3 
megohm-cm water. Samples were ox id ized  i n  a n  a l l - q u a r t z  s y s t e m  a t  
12OO0C f n  w e t  oxygen t o  an oxide  th i ckness  of about  5400 8. 
Electrical  capacitance v e r s u s  v o l t a g e  measurements of  uricon- 
tamina tad  samples y i e l d e d  a 'voltage s h i f t  from t h e  t h e o r e t i c a l  
cu rve  of 17 v o l t s  sf which approximately 1 v o l t  i s  due t o  work 
f u n c t i o c  d i f f e r e n c e .  T h i s  s h i f t ,  frorri Equat ion (Z), corres2onds  t o  
a n  eqc i iva len t  i n t e r f a c e  charge d e n s i t y  of 7 x 10l1 charges/cm. 
A f t e r  heacing i n  dry c i t r o g e n  (F igure  2) a d e n s i t y  of 3 x loL1 cm-* 
wss o b t a i n e d  which i s  comparable t o  - r epor t ed (3 )  minimum v a l u e s  of 
2 x 10Ir chargrs/cm.2 f o r  (111) c r y s t a l  o r i e n t a t i o n .  T h i s  i s  
believed t o  be i n t e r f a c e  charge  c h a r a c t e r i s t i c  of  t h e  S i 0 2 / S i  
t rans i t ion  s t r u c t u r e .  ( 8 )  
2 
A f t e r  o s i d a t i g n ,  t h e  samples were d e l i b e r a t e l y  consaminated by 
d i p p i n g  i n  a s o l u t i o n  o f  r a d i o a c t i v e  h-a24Br82 i n  methanol. 
w a s \ u s e d  for b e t t e r  wetting and more uniform d ry ing  i n  p re fe rence  
t o  water s o l u t i o n ,  
Methanol 
S d i u m  bromide was used f o r  contaminat ion because bo th  sodium 
and b r u n i n e  cou ld  be t r a c e d  by gama-ray  spec t roscopy.  Some 
e l e c t t k a l  expe r imen t s  w e r e  d0r.e u s i n g  N a C 1  and KaOH. 
u s ing  t h e s e  compounds were q u a l i t a t i v e l y  t h e  same as i n  t h e  K a B r  
exper iments ,  i n d f c a t i n g  t h a t  t h e  SaBr r e s u l t s  would y i e l d  t y p i c a l  
a n i o n  b e h a v h r  . 
R e s u l t s  
Samples €or electrical drif:ing experiments  had a l a r g e  gold 
p l a t e ,  vacuum-evaporated on t h e  oxide  over  t h e  contaminat ion ,  and a 
gold  c o n t a c t  evapora t ed  on t h e  back of t h e  s i l i c o n  f o r  good elec- 
trical c o n t a c t .  For h o t  b i a s  d r i f t i n g ,  t h e  sample was p laced  on a 
metal c o n t a c t  block hea ted  5y a n  i n t e r n a l  r e s i s t a n c e  element .  The 
b l o c k  made good e lec t r ica l  c o n t a c t  t o  t h e  ga ld  on t h e  back of t h e  
sample and a probe  made c o n t a c t  t o  t h e  gold  f i e l d  p l a t e .  D r i f t i n g  
w a s  done a t  a t empera tu re  of 20G°C i n  Cry n i t r o g e n  with an  a p p l i e d  
f i e l d  of 5 x 105 vol t s /cm i n  t h e  oxide ,  which is  a n  c r d e r  of 
magnicude l o w e r  ehan ox ide  dielectric brezkdown. Capaci tance-  
v o l t a g e  d a t a  w a s  irnieasured w i t h  a Wayne-Kerr r a d i o  f requency  b r i d g e  
- 
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t y p e  U681 a t  1 mB. Ko d r i f t  was observed du r ing  measurement a t  
rocm tenpzrature. 
Samp1.e~ used f o r  d i f f u s i o n  esper iments  done a t  700, 800, and 
0 900 C i n  d r y  n i t rogen  d i d  not  have evaporated gold c o n t a c t s  
beczuse of undes i rab le  gold d i f f u s i o n  du r ing  t h e  h igh  tempera ture  
t r ea tmen t s .  Clean, polished, b a r e  s i l i c o n  wafers  were used as 
c o v e r s  t o  keep iiaBr from evaporat ing a t  t h e  d i f f u s i o n  t e m p e r a t u r e .  
For e lec t r ica l  measurements a 20 m i l  d iameter  gold t ipped  probe  
was pressed  a g a i n s t  t h e  oxide s u r f a c e  t o  ac t  a s  t h e  f i e l d  p l a t e .  
Capac i t ances  of about 3 pf obtained w i t h  t h e  20 m i l  probe were 
measured a t  1 nkl with  a Boonton 7SLl -S8 capac i t ance  b r idge .  
. 
Following d r i f t  or d i f f u s i o n  and e lec t r ica l  measurements, p a r t  
T h i s  ox ide  was t hen  
of t h e  ox ide  on t h e  sample was removed t o  e l i m i n a t e  edge e f f e c t s  
l e a v i n g  a f l a t  area of 1-2 c m 2  i n  t h e  c e n t e r .  
removed i n  p l ana r  s ec t ions  usicg d i l u t e  hydro f luo r i c  a c i d .  The 
c h a r a c t e r i s t i c  gama energy spectrlim of NaZ4 and B r a 2  from each 
e t c h  s e c t i o n  was counted with a ha1 ( T l )  s c i n t i l l a t i o n  d e t e c t o r  
and 256 channel  pulse-height ana lyzer .  S ince  a known volume of t h e  
o x i d e  was i n  e ch etch sec t ion ,  t h e  measured a c t i v i t y ,  when com- 
pared to a Ka22Br82  s tandard,  y i e lded  t h e  a c t u a l  sodium and bromine 
c o n c e n t r a t i o n  i n  t h e  sec t ion .  
RESULTS :WD DISCUSSION 
Diffus ion  
4 
Pol i shed  s i l i con  wafers had t o  b e  used t o  keep t h e  NaBr from 
That  t h e  K a B r  indeed evapora t ing  from t h e  samples as mentioned. 
e v a p o r a t e s  is  shown in Figure 1 where sodium p r o f i l e  i n  covered 
and non-covered wafers has h e m  dcrermixled rad iochemica l ly .  Sodium 
i n  t h e  bulk  of t h e  oxide f o r  t h e  uricovered sample is  a n  o r d e r  of 
magnitude lower than t h e  covered case though g r e a t e r ,  f o r  t h i s  t i m e  
and tempera ture ,  than r e s i d u a l  concen t r a t ions .  Evaporat ion of  
sodium can be observed i n  e l e c t r i c a l  measurements a l s o .  F igu re  2 
i l l u s t r a t e s  t h e  observed e l e c t r i c a l  s h i f t  as a f u n c t i o n  of time1I2 
for an 8OO0C di f fus ion .  The s h i f t  f o r  a covered sample,  curve  A 
i n  F i g u r e  2,  goes off t h e  s c a l e  of t h e  graph w i t h i n  5 minutes  and 
does  not r e t u r n  t o  zero even urder  a n  e x t e n d e d ’ d i f f u s i o n  t i m e  
(F igu re  3 ) ,  i nd ica t ing  that sodium d i f f u s e s  i n t o  t h e  ox ide  and 
s t a y s  i n .  
i o n s  d i f f u s e  i n t o  the oxide but then  r e t u r n s  t o  ze ro  as sodium 
evapora t e s .  
by the evapora t ion  of p o s i t i v e  i o n s  such as r e s i d u a l  sodium, w a t e r  
s p e c i e s ;  o r  by anneal ing of t h e  ox ide - s i l i con  i n t e r f a c e .  
improvement i n  t h e  svllples heated w i t h  open s u r f a c e s  s u g g e s t s  t h a t  
such  a h e a t  t r ea tneEt  may be a good method f o r  removing unwanted 
sodium con tan ina t ion  i n  device process ing .  Curve C ,  f o r  an  
uncontaminated sample, also e x h i b i t s  t h e  c l ean ing  e f f e c t  seen  f o r  
t h e  opzn contaminated sarple. 
Curve B ,  f o r  an oper! sample,  i n i t i a l l y  rises as sodium 
The curve then goes  c e g a t i v e  which may b e  expla ined  
T h i s  
E l e c t r i c a l  r e s u l t s  of t h e  d i f f u s i o n  experiments  f o r  covered 
contaminated samples is shown i n  F igu re  3 .  The 700°C curve  rises 
P o s i t i v e  znd h'egative ... 5 
to  a s a t u r a t f o n  v a l u e  a t  AV = 215 v o l t s .  Th i s  behavior  can be 
exp la ined  by i n - d i f f u s i o n  o f  t:?e p o s i t i v e l y  charged sodium ions  t o  
a n  e q u i l i b r i u n  d i s t r i b u t i o n .  3adFot racer  r e s u l t s ,  F igure  4 ,  
v e r i f y  t h i s  model,  s i n c e  t h e  C i s t r i b u t i o n s  from two d i f f e r e n t  
samples ,  one d i f f u s e d  1 hour  a:ad t h e  o t h e r  d i f f u s e d  4.5 hours ,  are 
e s s e n t i a l l y  i d e n t i c a l ,  i n d i c a t i n g  t h a t  equ i l ib r ium has  been reached 
i n  1 hour .  Bromine concen t r a t ions  i n  t h e  bulk  of t h e  oxide  shown 
i n  F i g u r e  4 a.re v e r y  n e a r  t h e  l i m i t s  of d e t e c t a b i l i t y  f o r  bromine 
and may be a r t i f a c t ,  I t  is ev iden t  t h a t  bromine does n o t  apprec i -  
a b l y  d i f f u s e  i n t o  t h e  oxide  a t  t h i s  temperature .  
b 
The c u r v e s  f o r  80OoC and 9CO0C i n  F igu re  3 show a d i f f e r e n t  
behav io r  t h a n  t h e  7OO0C case. 
s a t u r a t e s  a t  a lower va lue .  T : i i s  s a t u r a t i o n  i n d i c a t e s  t h a t  
a p p r e c i a b l e  e v a p o r a t i o n  is nc: occur r ing .  These e l ec t r i ca l  d a t a  
may b e  e x p l a i c e d  by i on  c a n c e l l a c i o n .  Sodium d i f f u s e s  i n t o  t h e  
oxide  t o  a quas i - equ i l ib r ium d i s t r i b u t i o n .  Slower-moving bromine 
d i f f u s e s  i n t o  t h e  ox ide  and p a r t l y  cance l s  t h e  e l e c t r i c a l  s h i f t  
caused by p o s i t i v e l y  charged sadium ions .  Th i s  i s  v e r i f i e d  by t h e  
ZJ -_ - > r a d i o t r a c e r  r e s u l t s  shown i n  F igure  5 .  A f t e r  30 minutes  t h e  bro- 
mine c o n c e n t r a t i o n  i n  t h e  oxide ,  e s p e c i a l l y  nea r  t h e  ox ide - s i l i con  
i n t e r f a c e ,  is w i t h i n  a f a c t o r  of two of t h e  sodium concen t r a t ion .  
Roughly s i m i l a r  behav io r  is observed f o r  t h e  500°C case .  
The e l e c t r i c a l  s h i f t  peaks and then  
I 
B r  d i s t r i b u t i o n ,  like t h a t  of Ea, i s  roughly U-shaped as seen 
e s p e c i a l l y  i n  F i g u r e  5. The high concen t r a t ion  a t  t h e  ox ide  su r -  
face is assumed t o  b e  c h a r a c t e r i s t i c  surface- to-bulk s e g r e g a t i o n  
f o r  t h e  ox ide ,  The r a i s e d  concen t r a t ion  nea r  t h e  s i l i c o n  may be 
due t o  s e g r e g a t i o n  of i n p u r i t y  &a t he  i n t e r f a c e  "phase." 
a d d i t i o n ,  t h e  s p i k e s  may b e  duc t o  e l e c t r o s t a t i c  b inding ,  Ea+ being 
bound by i n a g e  f o r c e  t o  t h e  s i l i c o n  and Br' tending t o  p a i r  w i th  
Na+. In t h i s  case t h e  approach of an an ion  would tend t o  release 
a Na+ i o n  f r m  t h e  v i c i n i t y  of the s i l i c o n .  
I n  
In  F i g u r e s  4 and 5 ,  t h e  c a l c u l a t e d  va lue  of AK from Equat ion 
(4) is t a b u l a t e d  and compared w i t h  the  e l e c t r i c a l l y  measured v a l u e  
of  AN, deterrained from Equat ion { 2 ) .  
t h a n  AN by a f a c t o r  of 1.5 to  4. This  i np l i e s  t h a t  on ly  p a r t  of 
t h e  ??a i n d u c e s  c h a r g e  i n  t h e  S i  because some Na is  n e u t r a l  o r  is 
p a i r e d  w i t h  amions o t h e r  than  Br-. 
AN is  c o n s i s t e n t l y  h ighe r  
s 
- D r i f t  
The p u r p s s c  of the d r i f t  experiments  was t o  s tudy  t h e  motion of 
t h e  sodium and bromide i o n s  u n d e r  t h e  i n f l u e n c e  of an  e l e c t r i c  
f i e l d .  The r ad iochemica l  r e su l t s  of a hot-bias  experiment w i t h  t h e  
Sodium moved 
through t h e  a x i d e  as a p o s i t i v e  ior. and p r o g r e s s i v e l y  p i l e d  up w i t h  
t i m e  a t  t h e  a x i d  - s i l i c o n  i n t e r f a c e .  Neasured bromine c o n c e n t r a t i o n  
is less t h a n  IO1' atoms/cm3, c l o s e  t o  t h e  l i m i t  of d e t e c t i b i l i t y  
f o r  the b r o n k e .  Bega t ive  bromide i o n s  would no t  be expected t o  
d r i f t  toward t h e  o x i d e - s i l i c o n  i n t e r f a c e  wi th  t h e  p o s i t i v e  a p p l i e d  
f i e l d  - 
Fd ----)metal f i e l d  plate  positive is shova i n  F igure  6. 
> F i g u r e  7 shows the  results of r e v e r s i n g  t h e  d i r e c t i o n  of t h e  
f i e l d  (reverse d r i f t )  aftez  f o r m r d  d r i f t i n g  f o r  15 minutes .  
Bromine d i s t r i b u t i o n  w a s  l i k e  that i n  F igure  6 i n d i c a t i n g  t h a t  it 
f 7  -- 
A. B. Kuyer  ... ?bsj.tive and Kegat ivs  . . . 6 
0 d i d  n o t  d r i f t  or c c n t r i b u t e  s i g n i f i c a n t l y  a t  200 C .  
K i n e t i c s  of sodiua concen t r a t ion  a t  t h e  o x i d e  s i l i c o n  i n t e r f a c e  
for t h e  forward and revsrse d r i f t r e d  c a s e s  a rc  s e e n  t o  b e  roughly 
s y m e t r i c .  However, k i n e t i c s  of t h e  measured v o l t a g e  s h i f t  were 
not spze t r ic .  
faster than  forwar hVfb r e tu rned  t o  z e r o  a f t e r  on ly  30 
seconds of r e v e r s e  d r i f t ,  while :he t i n i e  t o  remove t h e  sodium 
from t h e  i n t e r f a c e  was a t  l e a s t  15 minutes.  T h i s  is  shown more 
c l e a r l y  i n  F igu re  8 where c a l c u l a t e d  and m e a s u e d  v a l u e s  of t h e  
induced cha rge  i n  t h e  S i  a r e  ccnpared. 
reverse d r i f t  e l e c t r i c a l  "rscovery" was niucii 
d r i f t .  
Fg -> 
SLIDlARY AXD DISCUSSION -
To summarize: 
1. NaBr contamination can b e  r e a d i l y  evaporated from S i02  on 
S i  by hea t ing ,  f o r  exa:nple t o  8OO0C i n  d r y  n i t r o g e n .  
2. T h i s  contaminazion w i l l  b e  r e t a i n e d  w i t h i n  t h e  ox ide  i f  a 
c l o s e - f i t t i n g  "cover" i s  used. 
0 3. D i f f u s i o n  of contamination a t  above 800 C r e s u l t s  i n  
s i l i c o n  s u r f a c e  p o t e c t i a l  s h i f t s  which are no t  simply 
monoto&c. 
4. Radiocheiiical  icrpuri:y d i s t r i b u t i o n  measurements sugges t  
t h a t  t h e s e  s h i f t s  are d u s  t o  d i f f u s i o n  of both Iia and B r  
a c r o s s  t h e  oxide; t h e  slower B r  an ion  p a r t l y  c a n c e l l i n g  
t h e  charged Ida near the s i l i c o n .  
5 .  Hot-bias d r i f t  of ISaBr contzminat ion,  s t u d i e d  by combined 
MIS and radiochemical a n a l y s i s ,  shows t h a t  s i l i c o n  s u r f a c e  
p o t e n t i a l  s h i f r s  a r e  c o r r e l a t e d  .with s p i k e s  of Na concen- 
t r a t i o n  i n  the  oxide a t  t h e  s i l i c o n  i n t e r f a c e .  liowever 
when d r i f t  p o l a r i t y  i s  r e v e r s e d ,  Na f lows o u t  w i t h  a t i m e  
c o n s t a n t  s i m i l a r  t o  that f o r  in-flow w h i l e  t h e  s u r f a c e  
p o t e n t i a l  recovery i s  f a s t e r .  
T h i s  s lower Na impurity recovery underlying assymmetric 
electrical  ecovery may be usea to e x p l a i n  r e s u l t s  observed by 
H o f  s t e in. (sf H e  monitored s u r f a c e  p o t e n t i a l  s h i f t  a t  2OO0C, duririg 
seqcences  of a l t e r n a t i o n  of d r i f t  v o l t a g e  p o l a r i t y  on ox ides  
b e l i e v e d  t o  be r e l a t i v e l y  La-free and found: 
1. I n i t i a l  i n - d r i f t  ( f i e l d  p l a t e  p o s i t i v e )  w a s  r e l a t i v e l y  
slow; recovery f a s t .  
2. Subsequent in-and o u t - d r i f t  was f a s t  and syrrietric. 
3. I f  o u t - d r i f t  bias (f5eI.d-plate nega t ive )  were maintained 
f o r  a time coizparable TO - i r : i t i a l  I n - d r i f t  t i m e ,  nex t  in-  
d r i f t  was again slow. 
These r e s u l t s  are readily explained i n  terms of Pia by t h e  d a t a  i n  
~ ~~ 
7 P o s i t i v e  ar .d  il 'egative . . . 
F i g u r e s  6 ,  7, a x i  8 .  That  i s ,  I f  o u t - d r i f t  is te rmina ted  when 
e l e c t r i c a l  r ecove ry  i s  c ~ ~ ! p l c t e ,  a Sa s p i k e  w i l l  still .  r e c a i n  i n  
t h e  o x i d e  a t  t h e  S i ,  and s u b s q u e n t  e l e c t r i c a l  i n - d r i f t  w i l l  b e '  
f a s t .  
out-drift is concixued f o r  a iixe l o n g  enough t o  r e t u r n  t h e  N a  
d i s t r i b u t i o n  back fo t h 2  i n i t i a l  s t a t e ,  i .e .  wi th  t h e  s p i k e  removed 
from the S i  i n t e r f a c e .  
--- 
Slow i n - d r z f t  as i n  tlie i n i t i a l  i n - d r i f t  w i l l  on ly  occur i f  
The q u e s t i o n  remains:  w h a t  is caus ing  t h e  compensation of N a  
at t h e  S i  i n t e r f a c e  du r ing  f a s t  in- and o u t - d r i f t  cyc le s?  
n o t  found i n  s u f f i c i e n t  concen t r a i ion  a t  2OO0C (F igure  6)  t o  be  
r e s p o n s i b l e ,  
r e s p o n s i b l e ,  
is Oil,  a f a s t e r  d i f f u s o r  than  3r. 
s i n c e  neutron a c t i v a t i o n  a n a l y s i s  has  shown i t  t o  be p r e s e n t  i n  o u r  
o x i d e s  at pp~a  c o n c e n t r a t i o n s .  
B r  i s  
A f a s t - d i f f u s i n g  a c c i d e n t a l  an ion  s p e c i e s  may be 
I n  these as-grob-n "we t1 '  ox ides  t h e  l i k e l i e s t  s p e c i e s  
Gold i s  ano the r  p o s s i b i l i t y  
Reverse d r i f t  i n  t h e s e  experiments  r e t u r n s  AVfb t o  zera b u t  n o t  
Thus t h e  r a p i d i y - e q u i l i b r a t i n g  s p e c i e s  inust b e  to n e g a t i v e  v a l u e s ,  
a b l e  t o  n e u t r a l i z e  h'a' b u t  not  be normally negat ively-charged a t  
the  Si i n t e r f a c e .  
average n e u t r a l  b u t  t e n d s  t o  be. 03- i n  t h e  neighborhood of Pk{- a t  
the Si i n t e r f a c e .  
For exanple  this n i g h t  be OII which is on t h e  
- CONCLUSION 
+ Anions as  well as Na appear t o  p l a y  a part i n  de t emin ing  
f a i l u r e  due  to surface p o t e n t i s l  s h i f t  i n  p l a n a r  S i  devices .  
D e t a i l e d  s t u d y  of oxide impur i ty  d i s t r i b u t i o n s  a n d , k i n e t i c s  by 
combined electrical/radiochemical t echnique  has  l e d  t 9  c i e a r e r  
unde r s t and ing  of  p r o c e s s  s t e p s  which dec rease  t h e  likelil-mosd of 
th i s  m o d e  of f a i l u r e .  
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F i g u r e  1 .  Sodium c o n c e n t r a t i o n  p r o f i l e  i n  ox ide  a f t e r  10 minutes 
a t  &ilO°C by rad iochein ica l  s n s l y s i s  of X a Z 4  from IiaEr. A ,  covered 
s a m p l e ;  B ,  u a c o v e r d .  R ,  t y p i c a l  r e s i d u a l  Na p r o f i l e  determined 
by neu t ron  a s t i v a  t i o n .  
F i g u r e  2 .  Change e n  room temperature  MOS f l a t  band v o l t a g e  vs .  
t i m e  1/2 a t  ~ O O O C .  
NaBr contaminated ,  open; C, K a G r  Contaminated, covered du r ing  
d i f f u s i o n .  
A ,  uncontaminated sample,  open s u r f a c e ;  B ,  
F i g u r e  3. 
t i m e  ' I 2  a t  t a p e r s t c u r e  f o r  La3r contaminated covered s a m p l e s .  
Change in room teniperature  NOS f l a t  band v o l t a g e  vs .  
F i g u r e  4. 
I n  u n i t s  of IOf2 C Z Z ' ~ ,  af ter  1 hour:  
4.5 hours: AN = 2 7 . ,  A X  = 6 . 4 .  
Iia and Sr i n  oxi.de a f t e r  7OO0C d i f f u s i o n  as  i n  F igu re  3.  
A N  = 27. ,  AKs = 6 . 7 .  A f t e r  
S 
0 F i g u r e  5 .  Ka and Br i n  ox ide  a f t e r  800 C d i f f u s i o n  as i n  F igure  3 .  
I n  u n i t s  of  after 1 min: A N  = 6 . 2 ,  ANs = 4 . 6 .  A f t < ? <  
30 min: A N  = 1 . 7  an-', AX = 0 . 8 .  
S 
F i g u r e  6 .  
d r i f t  at E = 5 x IOs volt /cm (meta l  p o s i t i v e ) .  
ern-*, after 1 min: 
A X  = 6.4. as'ter 15 min: AK = SO, AXs = 9 . 2 .  
Pia and Br i n  contaminated ox ide  a f t e r  2OO0C forward 
I n  u n i t s  cf 
AN = 0 . 1 5 ,  ABs = 0.16. A f t e r  5 min: AX r- f 7 . ,  
S 
F i g u r e  7. Ka i n  contaminated ox ide .  Reverse d r i f t  a f t e r  15 m j [ i .  
forward d r i f t .  E = 5 x iO%/cm. T = 200°C. Br p r o f i l e ,  i;ot 
shown is like t h a t  i n  F i g u r e  6 and is  n o t  s i g n i f i c a n t .  I n  u n i t s  
o f  lo f2  CUI'*, a t  s ta r t  of r e v e r s e  d r i f t  ( t h e  sample  is  t h a t  of 
F i g u r e  6 ) ;  AE = 50, ANs = 9 .2 .  
A f t e r  5 min: AN = 7.5, AXs < 0.04, A f t e r  15 rnin: AX = 0.75, 
ANs < 0 . 0 4 .  
A f t e r  0.5 min: AN = 20, ANs = 0 . 3 6 .  
F i g u r e  8 .  
f a c e  for d r i f t  t i m e  a t  200OC. K a  curve  i s  AN 
equat ion(4) f rom radiochemica l  data.  
equat ion(2) f rom AVgb e l e c t r i c a l  d a t a .  
Camparison of change o f  charge  induced i n  s i l i c o n  sur -  
MOS cu rve  is ANs computed by 
computed by 
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